Many metabolic diseases are caused by disruption of lipid homeostasis. Sterol regulatory element-binding proteins (SREBPs) are a family of nuclear transcription factors that are associated with lipid de novo synthesis, thereby, SREBPs have been considered as targets for the treatment of metabolic diseases. In this study, we identified praeruptorin B as a novel inhibitor of SREBPs. HepG2 cells were used to verify lipid-lowering effects of praeruptorin B. The expression of SREBPs, as well as their target genes was markedly suppressed. Furthermore, we found that praeruptorin B inhibits the proteins expression of SREBP by regulating PI3K/Akt/mTOR pathway. In praeruptorin B-treated high fat diet (HFD)-fed obese mice, HFD induced lipid deposition, hyperlipidemia and insulin resistance were significantly ameliorated, and SREBPs and related genes in liver were down-regulated. These findings suggest that praeruptorin B exerts lipid-lowering effects through SREBPs regulation and could serve as a possible therapeutic option to improve hyperlipidemia and hyperlipidemia-induced comorbidities.
Introduction
Metabolic syndrome is one of the major global escalating public health concerns.
1 Hyperlipidemia is closely related to metabolic diseases, such as insulin resistance, type 2 diabetes mellitus (T2DM) and atherosclerosis. 2, 3 Thus, regulating the signaling pathway of lipid metabolism and inhibition of the accumulation of triglyceride and cholesterol are important targets for preventing obesity and associated metabolic diseases. [3] [4] [5] SREBPs are a family of transcription factors of a basic-helixhoop-helix-leucine zipper (bHLH-LZ) that regulate lipid homeostasis by controlling the expression of a range of genes required for fatty acids, cholesterol, triacylglycerides and phospholipids synthesis. 6, 7 The three isoforms of SREBPs, namely, SREBP-1a, SREBP-1c and SREBP-2 play different roles in lipid biosynthesis. SREBP-1a and SREBP-1c primarily regulate fatty acid synthesis. SREBP-2 mainly stimulates cholesterol synthesis and LDL receptor (LDLR) expression. 8 In mammalian, SREBPs are synthesized as inactive precursors that are retained in the endoplasmic reticulum (ER). When they are stimulated by insulin or exposed to low sterol condition, N-terminus of SREBPs (N-SREBPs) released from ER. 9 Aer binding to sterolsensing protein, SREBP cleavage-activating protein (SCAP), SREBPs are transported via the coated protein II (COP II) vesicles to the Golgi apparatus where site-1 protease (S1P) and site-2 protease (S2P) proteolytically release the N-SREBPs, the N-SREBPs then translocate to the nucleus and bind on SRE or E-box sequences of their target genes, and subsequently activate the expression of these fatty acid and cholesterol biosynthesis related genes.
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Therefore, inhibition of SREBPs by small molecules may be an effective strategy to treat metabolic diseases, such as obesity, T2DM and atherosclerosis. 7, 13, 14 Peucedani Radix (Qian-Hu in Chinese), the dried roots of Peucedanum praeruptorum Dunn, has been widely applied for the therapy of cough with thick sputum and dyspnea, nonproductive cough and upper respiratory infections in traditional medicinal assay. [15] [16] [17] [18] There are several types of compounds reported in Peucedani Radix, and the major constituents are coumarins containing praeruptorin A, B, C, D and E. Praeruptorin B exhibited several pharmacological activities including angiectasis, sputum-resolving, asthma-relieving, inhibition of tumor promoter induced phenomenon in vivo and potent antiinammatory action. 19 However, the effects of praeruptorin B on metabolic diseases, such as obesity, hyperlipidemia and insulin resistance, and the detailed mechanisms have not yet been claried. The aim of this study is to investigate the hypolipidemic effect of praeruptorin B and unravel the mechanism of praeruptorin B on lipid metabolism by targeting SREBPs pathway.
Materials and methods

Reagents
Praeruptorin B was purchased from Chengdu Pufei De Biotech Co., Ltd (Chengdu, China). Okadaic acid was from Selleckchem (Shanghai, China). Filipin were from (APExBIO, Houston, USA). MHY1485 was purchased from MedChem Express (Shanghai, China). Luciferase assay reagents were from Promega (Madison, Wisconsin, USA). 3-(4,5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazoliumbromide (MTT), 25-hydroxycholesterol (25-HC), lovastatin, compactin, and nile-red were purchased from Sigma-Aldrich (St. Louis, MO, USA). Fetal Bovine Serum (FBS), DMEM and F12K medium were purchased from GIBCO (Grand Island, New York, USA). Lipoprotein-decient serum (LPDS) was purchased from Kalen Biomedical (Montgomery Cillage, MD, USA). Plasmids sh-TSC1 was kindly provided by Prof. Aurelio Teleman at DKFZ. HAAkt was a gi from Prof. Yong Liao (Chongqing Medical University).
Antibodies
Antibodies against SREBP-1 (cat. no. sc-8984) and b-actin (cat. no. sc-47778) were obtained from Santa Cruz (Dallas, USA), SREBP-2 (cat. no. 30682) were from Abcam (Cambridge, Britain). Antibodies against mTOR (cat. no. 2983s), phospho-mTOR (Ser2448) (cat. no. 2971s), Akt (cat. no. 4691), phospho-Akt (Ser473) (cat. no. 4060), p70SK6 (cat. no. 9202), phosphop70S6K (Thr389) (cat. no. 9206s) and phospho-PI3K (Tyr458) (cat. no. 4228) were purchased from Cell Signaling Technology (Beverly, USA). PI3K (cat. no. A0054) and HA (cat. no. AE008) was purchased from ABclonal Technology (Wuhan, China).
Cell culture
HepG2 cells were originally obtained from ATCC. HL-7702 cells were purchased from Keygen Biotech (Nanjing, China). All cell lines were cultured at 37 C, 5% CO 2 in DMEM supplemented with 10% FBS. To generate of HL-7702/SRE-Luc reporter cell lines, HL-7702 cells were transfected with pSRE-Luc and the monoclonal cells were screened out by renewing medium with hygromycin B (Roche, Germany).
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Cell proliferation assay
Cell proliferation was determined by the MTT assays. The HepG2 cells were seeded in 96-well plates with 2.0 Â 10 4 cells per well in DMEM containing 10% FBS for 24 h. Cells were further treated with or without praeruptorin B for 18 h. Then, cells were incubated with MTT solution (5 mg ml À1 ) for 4 h at 37 C, the supernatant was aspirated, and 150 ml dimethyl sulfoxide (DMSO) was added to each well.
Luciferase reporter assay
The HL-7702/SRE-Luc reporter cells were seeded into the 96-well plate, treated with or without praeruptorin B and cultured in DMEM containing 5% lipoprotein-decient fetal bovine serum (LPDS), 10 mM compactin and 10 mM mevalonate (medium E) for 18 h. The media was removed. Cells were washed in PBS twice and incubated in reporter lysis buffer in room temperature for 20 min. Subsequently, the liquid was transferred to the 96-well white plate, and the luciferase assay solution was added into each well in the dark.
Western blot analysis
HepG2 cells were lysed with ice-cold lysis buffer. 36 Individual immunoblot was probed with rabbit anti-SREBP-1, SREBP-2, mTOR, p-mTOR, Akt, p-Akt, p70s6k, p-p70s6k, p-PI3K and PI3K antibodies diluted 1 : 1000, and mouse anti-b-actin antibody diluted 1 : 1000. Chemiluminesence signals were semiquantied as previously described. The cells were observed by the EVOS FL Auto microscope (Life technologies, USA) and analyzed using Image Pro Plus.
Quantitative real-time RT-PCR
Total RNA extraction was performed using Trizol (Vazyme, Nanjing, China) according to the manufacturer's instructions. RNA concentrations were equalized and converted to cDNA using Hiscript II reverse transcriptase, (Vazyme, Nanjing, China). Gene expression was measured with a LightCycler 96 Real-Time PCR System (Roche, Basel, Switzerland) using SYBRgreen dyes (Roche, Basel, Switzerland). All data were analyzed using GAPDH gene expression as internal standard. The sequences of primers used are listed in Table 1 .
Animal experiments
All experiments and animal care in this study were conducted in accordance with the Provision and General Recommendation of Chinese Experimental Animals Administration Legislation and approved by the Science and Technology Department of Jiangsu Province (SYXK (SU) 2016-0011). All mice were housed in colony cages and maintained on a light/dark cycle. All mice were fed with HFD (TROPHIC, Nantong, China) or with a normal diet (TROPHIC, Nantong, China). On a caloric basis, the HFD (product#; TP23300) contained 60% fat, 20.6% carbohydrate and 19.4% protein, whereas the normal diet (product#; XT007) contained 13% fat, 60% carbohydrate and 27% protein. Sixweek-old male C57BL/6J mice were purchased from Nanjing Biomedical Research Institute (Nanjing, China), were allowed to acclimatize for one week before the experiment. Then mice were randomly divided into the following four groups (n ¼ 6 per group): vehicle-treated chow group, vehicle-treated HFD group, lovastatin-treated HFD group (30 mg per kg per day) and praeruptorin B-treated HFD group (25 or 50 mg per kg per day). HFD-fed mice were gavaged with praeruptorin B or lovastatin dissolved in 0.5% CMC-Na for 6 weeks. All mice were sacriced GK  CCGTGATCCGGGAAGAGAA  GGGAAACCTGACAGGGATGAG  ACL  GCCAGCGGGAGCACATC  CTTTGCAGGTGCCACTTCATC  ACS  GCTGCCGACGGGATCAG  TCCAGACACATTGAGCATGTCAT  G-6-PD  GAACGCAAAGCTGAAGTGAGACT  TCATTACGCTTGCACTGTTGGT  IRS-1  GCGGGCTGACTCCAAGAAC  GCTATCCGCGGCAATGG  IRS-2  GGAGAACCCAGACCCTAAGCTACT  GATGCCTTTGAGGCCTTCAC  PEPCK  CCACAGCTGCTGCAGAACA  GAAGGGTCGCATGGCAAA  ABCA1  CGTTTCCGGGAAGTGTCCTA  GCTAGAGATGACAAGGAGGATGGA  ABCG5  TGGATCCAACACCTCTATGCTAAA  GGCAGGTTTTCTCGATGAACTG  Insig-1  TCACAGTGACTGAGCTTCAGCA  TCATCTTCATCACACCCAGGAC  Insig-2a  CCCTCAATGAATGTACTGAAGGATT  TGTGAAGTGAAGCAGACCAATGT  Insig-2b  CCGGGCAGAGCTCAGGAT  GAAGCAGACCAATGTTTCAATGG  HL  GGAGGAATCTGTTCAACTCTCTCG  AGAAAGACGATTGCTGGGGG  SR-B1  TGGACAAATGGAACGGACTC  GTGAAGCGATACGTGGGAAT  LPL  CTTCTTGATTTACACGGAGGT  ATGGCATTTCACAAACACTG  PPARa  TCTGTGGGCTCACTGTTCT  AGGGCTCATCCTGTCTTTG  Leptin  CGGTTCCTGTGGCTTTGG  GGTCTGAGGCAGGGAGCA by cervical dislocation aer overnight fasting at the termination of the experiment. All animal experiments were performed in accordance with the approved guidelines.
Metabolic measurements
Aer administration for 6 weeks, mice randomly selected from each group were maintained in a comprehensive lab animal monitoring system (TSE PhenoMaster, Thuringia, Germany) according to the instructions of the manufacturer. Aer mice were acclimated in the metabolic chamber for 12 h, volume of O 2 consumption and CO 2 production were continuously recorded over 24 h period. RQ equals volumes of CO 2 released/ volumes of O 2 consumed.
Rectal temperature measurement
The rectal temperatures of the mice were measured with a rectal probe attached to a digital thermometer (OMRON, Japan).
Glucose tolerance and insulin tolerance tests
Glucose tolerance tests (GTT) and insulin tolerance tests (ITT) were performed on mice fasted overnight with free access to water. Mice were injected with 0.75 U kg À1 insulin (Sigma) by i.
p. or gavaged with 2 g kg À1 glucose (Sigma) by i. g. Glucose levels
were measured from tail blood and 15, 30, 60, or 120 min aer the injection. All animals were sacriced 3 days aer glucose tolerance or insulin tolerance tests, and blood and liver were harvested. Area under the curve (AUC) was calculated to quantify the GTT and ITT results.
Body composition analysis by NMR
Aer 5 week treatment, the mice were scanned with the minispec TD-NMR designed for experimental animals (Bruker, Germany). The fat ratio was calculated according to the measurement of body fat, lean and liquid in mice.
Fecal cholesterol and triglyceride measurements
Fecal samples were collected over the nal 3 days of the study, which were lyophilized and pulverized prior to analysis. Dry feces (250 mg) were extracted twice with 4 ml of methanol : -chloroform (1 : 2, v/v). The supernatants were pooled, and 100 mL of the supernatant was removed exactly and evaporated to dryness. Triglycerides were measured with determination kit (Kehua Biotechnology, Shanghai, China). The preparation for determination of total cholesterol in samples by GC-MS was performed as described previously. 
Serum and liver lipid determination
Serum total cholesterol (TC), triglycerides (TG), alanine aminotransferase (ALT), aspartate aminotransferase (AST), lowdensity lipoprotein cholesterol (LDL-c) and high-density lipoprotein cholesterol (HDL-c) were quantied using assay kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) with a biochemistry analyzer (Biotek, Vermont, USA). Serum insulin levels were analyzed using ELISA kits (CUSABIO, Wuhan, China). Cholesterol and triglycerides levels were also quantied in liver homogenates. 
Histological analysis of liver and adipose tissues
Livers, interscapular brown adipose tissues (BAT) and epididymal white adipose tissues (WAT) were xed in 4% paraformaldehyde solution at 4 C. Overnight and embedded in paraffin wax. The paraffin sections were cut at 5 mm onto poly-L-lysine-coated slides, and stained with hematoxylin and eosin. Livers were embedded in Tissue-Tek OCT cryostat molds (Leica Biosystem, Shanghai, China) and frozen at À20 C. Then, they were sectioned at 10 mm in a crytostat and stained in 0.5% oil red O (Sigma, USA).
Statistical analysis
All quantitative values are presented as mean AE SD. Statistical data were analyzed using a two-tailed Student's t-test. A P value <0.05 was considered as statistically signicant.
Results
Praeruptorin B inhibits the SREBPs activity and decreases intracellular lipid levels in vitro
In the previous work, we established a human liver HL-7702/ SRE-Luc cell lines expressing a luciferase reporter driven by a SRE-containing promoter. 21 In order to verify the reliability of the luciferase reporter system, 25-HC, a well-known inhibitor of SREBP processing, 23 was used as a positive control. As shown in Fig. 1B, 25 -HC signicantly decreased the luciferase activity. Using this screening system, praeruptorin B (Fig. 1A) was found to powerfully decrease the SRE-luciferase activity, and this effect is dose dependent (Fig. 1B) . Those results demonstrated that praeruptorin B is a potent SREBP inactivator. MTT assay was next used to investigate its safety in vitro, praeruptorin B showed negligible cytotoxicity, even at the higher concentration (Fig. 1C) . SREBPs are synthesized as inactive precursors. When cellular choleserol is low, the inactive precursors are proteolytically processed to the mature forms that function as active transcription factors. Previous studies have reported that 25-HC blocks SREBPs processing by binding to Insigs, triggering their binding to SCAP and retaining the SCAP/SREBP complex in the ER. 24 25-HC signicancy decreased the levels of mature SREBP-1 and -2 ( Fig. 1D) , but upregulated the precursor SREBP levels (Fig. 1D) , because of activating LXR that in turn upregulates the transcription of SREBP. Different from 25-HC, praeruptorin B reduced the level of precursor and mature forms of both SREBP-1 and -2 (Fig. 1D) . Those results suggesting that the mechanism by which praeruptorin B inhibits SREBP activity may be different from that of 25-HC. We next detected the mRNA level of SREBP-1c target genes, such as FASN, SCD and ACC-1, involved in fatty acid synthesis, and found that all of the mRNA level of these genes were reduced (Fig. 1E) . Similarly, SREBP-2 target genes, such as HMGCR and LDLR were signicantly decreased by praeruptorin B (Fig. 1F) . Praeruptorin B also signicantly downregulated the expression of SREBP-1c and SREBP-2 (Fig. 1F) . SREBPs are considered as master regulators of lipid homeostasis by controlling the expression of target genes which are required for cholesterogenesis and lipogenesis.
6 Therefore, we examined the level of cellular lipid in HepG2 cells. Notably, praeruptorin B reduced both total cholesterol and triglycerides contents (Fig. 1G) . Consistent with the above results, praeruptorin B decreased the steady-state levels of neutral lipids (mainly cholesterol and triglyceride) and cellular cholesterol (Fig. 3H) . These results indicated that praeruptorin B inhibits the SREBPs activity and decreases intracellular lipid levels in vitro.
Praeruptorin B inhibits the expression of SREBPs through PI3K/Akt/mTOR pathway
Praeruptorin B signicantly decreased the expression of SREBPs in the mRNA and protein (precursor and mature formation) levels ( Fig. 1D-F) . Therefore, we put forward a hypothesis that praeruptorin B inhibits the SREBPs activity through disturbing the SREBPs transcription expression. The SREBPs transcription expression is mainly regulated by insulin signaling pathway. Studies have shown that the enhanced transcription of SREBP is partially through PI3K/Akt/mTORC1. [25] [26] [27] Next, we performed experiments to conrm whether the inhibition of SREBPs expression by praeruptorin B is inhibited through the PI3K/Akt pathway. Insulin or insulin-like growth factor upregulates PI3K and its downstream targets including Akt and mTOR, resulting in inactivation of SREBPs expression. 28 As shown in Fig. 2A and C, insulin treatment for 1 h signicantly phosphorylated PI3K and activated its downstream kinases activity, including Akt, mTOR and p70s6k. The insulin-induced activation of both PI3K and Akt was suppressed by praeruptorin B in a concentration- and time-dependent manner ( Fig. 2A-D) . In addition, the downstream kinases mTOR and p70s6k activation were also abolished upon praeruptorin B treatment in HepG2 cells ( Fig. 2A-D) . These results demonstrated that insulin signaling pathway may mediate the inhibition of SREBP transcription expression by praeruptorin B. To further verify that the decreased SREBPs transcription expression by praeruptorin B is through PI3K/Akt/mTOR signaling pathway, we overexpressed exogenous Akt followed by praeruptorin B (10 mM) for 6 h. As shown in Fig. 3A , pre-overexpression of Akt rescued the decreased SREBP-1 by praeruptorin B in HepG2 cells. Moreover, the dilapidated SREBP activity was recovered by overexpressed Akt (Fig. 3B) . Okadaic acid, a PP2A phosphatase inhibitor, facilitates the Akt maintaining phosphorylation level. 29 Actually, okadaic acid resistanted the decreased phosphp-Akt induced by praeruptorin B. More importantly, the protein expression and transcription activity of SREBP were recovered by okadaic acid (Fig. 3C and D) . Moreover, MHY1485, which is a potent mTOR activator (Fig. 3E) , rescued SREBP abundance and activity (Fig. 3E) . Similarly, the inhibition of SREBP could also be reversed by shRNA of TSC1, which is a negative regulator of mTOR by suppressing Rheb (Fig. 3G) . When the activity of mTOR was activated by MHY1485 or the shRNA of TSC1, the reduction of SREBPs activity ( Fig. 3F and H) was reversed. All together, these data indicated that mTOR mediates the inhibition of SREBPs processing by praeruptorin B. Therefore, praeruptorin B inhibits the SREBPs transcription expression through PI3K/Akt/mTOR signaling pathway.
Praeruptorin B ameliorates diet-induced obesity in mice
To verify the effect of praeruptorin B in vivo, the high fat diet (HFD)-fed C57BL/6J mice were treated with vehicle (0.5% CMCNa), lovastatin (30 mg per kg per day), or praeruptorin B (25 or 50 mg per kg per day) for 6 weeks. During the process, no signicant difference of food intake was either in praeruptorin B or lovastatin treated groups (Fig. 4A) . The mice treated with praeruptorin B (50 mg kg ) were signicantly lighter than the vehicle treated mice, although they were still heavier than the chow diet-fed mice, suggesting that praeruptorin B and lovastatin can ameliorate diet-induced obesity (DIO) (Fig. 4A) . More importantly, the fat/lean and fat/ body-weight ratios were obviously dropped at the same dosage of praeruptorin B and lovastatin treated mice by nuclear magnetic response (NMR) analysis (Fig. 4B) . These results demonstrated that praeruptorin B ameliorates diet-induced obesity in mice.
Praeruptorin B ameliorates diet-induced lipid accumulation in blood, liver and adipose tissues in DIO mice
Next, we measured the lipid levels in blood, liver and adipose tissues to determine the potential role of praeruptorin B in the improvement of lipid accumulation of HFD-fed mice. As shown in Fig. 4C , the serum TC and TG levels of lovastatin and praeruptorin B treated mice were signicantly lower than those of the HFD-fed mice. Praeruptorin B increased HDL-c and decreased LDL-c similar as lovastatin (Fig. 4C) . In addition, compared with vehicle treated mice, praeruptorin B signi-cantly lowered the level of TC and TG in liver (Fig. 4E) , comparable to lovastatin. Lipid accumulation in the liver leads to liver dyfunction, induced fatty liver and liver injury. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in blood are the most common indicators for hepatic and extra hepatic tissue damage, the elevated ALT and AST induced by HFD were decreased by lovastatin and praeruptorin B treatment (Fig. 4D) . Moreover, the lipid accumulation in the liver was visualized by oil red O and H&E staining. The staining results revealed that praeruptorin B-treated mice exhibited less lipid accumulation than that of vehicle treated mice (Fig. 4F) . This is consistent with the previous data that praeruptorin B notably inhibited hepatic TC and TG accumulation (Fig. 4E) . Histological analysis showed that praeruptorin B also reduced the cell size of both WAT and BAT (Fig. 4F) . Taken together, these results suggested that praeruptorin B improves lipid accumulation in blood, liver and adipose tissues in DIO mice.
Praeruptorin B improves glucose homeostasis and insulin resistance in DIO mice
Since praeruptorin B decreases the lipid contents in blood, liver and adipose tissues, we next investigated whether praeruptorin B improves insulin resistance in vivo. The elevated fasting blood glucose and insulin in HFD-fed mice were signicantly reduced by praeruptorin B. In contrast, lovatatin treatment only decreased blood glucose but did not affected serum insulin levels ( Fig. 5A and B) . Both praeruptorin B and lovastatin treatment dramatically improved glucose tolerance and insulin resistance ( Fig. 5C-F) . Collectively, these results demonstrated that praeruptorin B improves glucose tolerance and insulin resistance in HFD-fed mice.
Praeruptorin B does not inuence the basic energy metabolism in DIO mice
In order to further understand the effect of praeruptorin B on energy metabolism of DIO mice, the physical activity and energy expenditure were analyzed. The oxygen consumption, carbon dioxide evolution and total respiratory exchange ratio were not affected by praeruptorin B treatment (Fig. 6A-C ). The energy expenditure and RQ of praeruptorin B treatment mice were still similar to HFD-fed mice ( Fig. 6D and E) . Meanwhile, no signicant difference in the body temperature between praeruptorin B and vehicle treatmented mice was observed when they were exposed to cold environment (Fig. 6F) . Lovastatin reduced the lipid absorption through increased fecal triglyceride and cholesterol (Fig. 6G) , suggesting that lovastatin decreased lipid absorption or increased lipid excretion to antagonize DIO. However, this effect was not observed in the mice treated with praeruptorin B (Fig. 6G ). These date suggested that praeruptorin B does not inuence the basic energy metabolism in DIO mice.
Praeruptorin B improves lipid and glucose homeostasis by regulating SREBP pathway
To explore the mechanistic involvement of SREBP in the effect reected by praeruptorin B on HFD-fed mice, we determined expression of SREBP important downstream targeted genes and other related genes in liver and adipose tissues of mice. Our results showed the hepatic mRNA levels of genes involved in cholesterol biosynthesis including FDPS, Insig-2a, Insig-2b, SCAP, HMGCS and SREBP-2 were decreased in DIO mice treated with praeruptorin B (50 mg kg À1 ) (Fig. 7A) . Consistent with in vitro results, praeruptorin B inhibited SREBP-1c expression and its related genes containing FASN, SCD-1, ACS, ACC, ACL and FASD-2 in mice livers (Fig. 7B) . However, the mRNA expression of genes referring to lipoprotein metabolism was not affected by praeruptorin B (Fig. 7C) . Futhermore, praeruptorin B increased mRNA levels of genes involving in carbohydrate metabolism such as GK, IRS-1/2 and G-6-PD, and decreased CPT1a and ACO mRNA levels ( Fig. 7D-E) . In white adipose tissues (WAT), praeruptorin B upregulated mRNA expression of UCP-1/2, Glut1, FASN and Leptin, and down-regulated Glu4 expression. In BAT, praeruptorin B dramatically increased ACC, LPL, Dio2 and PGC-1a and decreased SCD-1, and HMGCR mRNA levels ( Fig. 7F and G) . Taken together, these ndings indicated that praeruptorin B improves lipid accumulation and insulin sensitivity in HFD-fed obese mice on account of regulating SREBP-1 target genes and metabolism-related genes in liver and adipose tissues.
Discussion
SREBPs are major transcription factors that control the biosynthesis of cholesterol, fatty acid and triglyceride. In mammals, SREBP-1 primarily regulate fatty acid metabolism and SREBP-2 is the main regulator of cholesterol metabolism.
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Praeruptorin B is isolated from the dry roots of peucedanum praeruptorum. Several pharmacological activities have been reported, such as anti-heart failure, 31 blocking osteoclast differentiation, 32 anti-asthmatic airway inammation 32,33 and anticancer. 34 However, biological activity of praeruptorin B has not been studied well before. In this report, we found praeruptorin B might inhibit the activity of SRE-Luciferase through a cellbased assay for SREBP pathway by previous compound screening. Interestingly, praeruptorin B hindered SREBP activation principally by decreasing SREBP protein and mRNA levels, which leads to the reduction of intracellular neutral lipids and cholesterol storage. SREBP-1a and SREBP-1c transcripts differs in their rst exon (exon 1a and exon 1c) result in Fig. 7 Changes of mRNA levels in liver, BAT and WAT of the praeruptorin B treatment mice. The total RNA from different tissues was prepared. For each group, equal amounts of total RNA from the tissues of 3-5 mice were subjected to Q-PCR quantification as described in experimental procedures. Mouse GAPDH was used as the control. Error bars represent standard deviations. Statistical analyses were done using one-way ANOVA. *p < 0.05, **p < 0.01 vs. WD, ***p < 0.001 vs. WD.
the different transcriptional activity. SREBP-1c is the predominant isoform which is expressed in most of the tissues such as livers, WAT and skeletal muscle in mice and humans. While SREBP-1a is highly expressed in cell lines and tissues such as spleen and intestine. 35 Hence, we speculated that inhibiting SREBP-1c expression may be the main reason for hypolipidemic effect of praeruptorin B.
Mounting evidence suggests that SREBP-1 and related lipogenic enzymes expression are regulated by insulin-mediated PI3K/Akt/mTORC1 signaling pathway for controlling lipid biosynthesis. 36 Inactivation of PI3K decreases in Akt phosphorylation which lead to reduction of triglyceride and free fatty acid in blood and SREBP-1c expression, which requires the mammalian target of rapamycin complex1 (mTORC1) activation. Meanwhile, mTORC1 feedback inhibits insulin signal transduction, [37] [38] [39] and its downstream p70S6K promotes SREBP1c maturation, but has no effect on SREBP-1c transcript levels. 40 Our study proved that praeruptorin B suppressed insulinstimulated PI3K/Akt/mTORC1 signaling, and further inhibited p70S6K and SREBP-1 expression. Akt phosphorylation level was elevated by negative feedback regulation of mTORC1. Moreover, these results were further conrmed through signaling pathway activator, or overexpression of exogenous gene technology. In this study, we also investigated the effect of praeruptorin B on lipid metabolism in vivo based on HFD-induced obese mice model. Praeruptorin B reduced the body weight and fat ratio of HFD-fed mice without affecting their basal metabolism. TC and TG levels both in liver and serum were decreased, and abnormal lipid accumulation in different tissues and insulin resistance were alleviated by praeruptorin B. These results demonstrated that praeruptorin B might improve diet-induced obesity, hyperlipidemia and insulin sensibility. The mRNA expression of genes involved in cholesterol and fatty acid metabolism and the related pathways showed that praeruptorin B down-regulated the mRNA levels of SREBP-1/2 and its several target genes expression, which was in accordance with the data in vitro. Because there are three ester bonds in the structure of praeruptorin B, they are easily to be degraded especially in aqueous system. Therefore, we speculate that the substance, which exerts its biological activity in vivo, may not be praeruptorin B itself. For the present results, the mRNA expression of SREBPs and their target genes were reduced by praeruptorin B treatment in vivo, which is similar to the in vitro results. Those results demostrate that the three ester bonds and adjacent groups of praeruptorin B do not play a major role in inhibiting SREBP activity. We will examine whether praeruptorin B is degraded in vivo and whether its degradation products have an inhibitory effect on SREBP activity in the future study.
In mammals, white fat storage seems to provide the main fuel for sustaining thermogenesis via lipolysis, 41 while BAT is the major place for facultative thermogenesis. [42] [43] [44] [45] Peroxisome proliferator activated receptor g coactivator 1a (PGC1a) controls BAT-mediated thermogenesis by regulating the expression of UCP1. Our study revealed that praeruptorin B promoted the expression of genes related to brown adipocyte functions such as UCP1 and PGC1a which lead to browning process of WAT.
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Lipoprotein lipase (LPL) plays a crucial role in lipid metabolism and primarily accelerates proteolysis of triglyceride in very low density lipoproteins (VLDL) and chylomicrons. The higher expression of LPL genes in BAT by praeruptorin B compared with HFD group stated that praeruptorin B might promote fatty acid release, and subsequently stimulated UCP2 expression.
In conclusion, our study suggests that praeruptorin B ameliorates obesity, insulin resistance, fatty accumulation in liver and hyperlipemia without serious adverse reactions. Thus, praeruptorin B can serve as a leading compound for pharmacological control of metabolic diseases. Total cholesterol  TG  Triglyceride  TNF-a Tumor necrosis factor a UCP Uncoupling protein
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